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Abstract

An inspection of abstracts from 2,350 references produced a first-cut set of 441 studies and
reviews that were subsequently classified and reviewed with respect to their potential to
document responses of salmonids to habitat changes, and to guide future monitoring of salmonid
watersheds. Although the literature on habitat requirements is vast, it was necessary to
distinguish between studies that relied on correlations based on observational designs and those
which attempted experimental designs to test cause-and-effect mechanisms. Our understanding
about environmental effects on fish is largely based on weak inferences from observational
studies, which has a direct bearing on monitoring strategies. Such studies are useful in generating
hypotheses on cause-and-effect, but such hypotheses need to be tested through appropriate
experimental designs in the context of a validation monitoring approach. Findings from seven
reviews (1988-2002) were assessed jointly with specific studies. Articles from 30 studies were
reviewed, drawing from single or multiple streams, and purely observational or ‘natural
experiment’ designs, in order to assess what improvements are needed in future programs.
Relatively few studies were long term or from multiple watersheds; most studies were of one
year or spanned a single generation. Although large-spatial scale, short-term studies have
increased and provided insight into clustering of populations and dependency on environmental
indicators at broader scales, there is no indication of the extent to which space can be traded for
time when making inferences. The main technical deficiencies were the lack of concern about
unbiased density estimates and poor statistical design, analyses and reporting. Analyses that
simulate alternative sampling processes and expected biases in stream networks over time and
space would help resolve some of these deficiencies. Overall, I concluded that current
freshwater-based monitoring programs will either: (1) fail to indicate an improvement associated
with stream habitat restoration in terms of smolt recruitment, returning adults, or population size
increase at the watershed scale, or (2) indicate an improvement but fail to demonstrate which and
how habitat changes were responsible so that subsequent restoration policy could be made more
cost-effective. Recommendations for approaches to a large-scale monitoring design, based partly
on this review are presented. The first-cut list of references, with abstracts and classification

codes, is available electronically from the author.




Goal

I conducted a preliminary but broad literature review and synthesis on studies of salmonid
response to habitat change in Pacific Northwest fluvial systems at the request of Washington
State’s Independent Science Panel (ISP). My review attempted to find studies that could
demonstrate cause-and-effect through strong inference supported by viable mechanisms rather
than unsupported correlative relationships. Knowledge about the dominant mechanisms
responsible for restraining the recovery of salmonids in streams is essential. In the language of
scientists concerned with salmonid restoration, the appropriate approach is though “validation
monitoring.” This preliminary synthesis built on the review results to help determine

requirements for validation monitoring and how current approaches might be improved.

Objectives

(i) Conduct a thorough literature search and produce a preliminary list of potentially relevant
references in electronic format,

(i1)) Select and annotate subsets of references under classifications of habitat, stream type, and
fish response type,

(ii1)) Compare and synthesize information drawn from the most relevant and better quality
studies, and

(iv) Outline monitoring approaches needed to provide information that will incrementally

improve the well-being of native fish populations through habitat management.

I describe the following procedure in detail under respective headings:

1. A broad online search of web-based databases of citations with abstracts was conducted,
followed by a ‘first cut’ selection made after reading all abstracts and adding references
missed by the search.

2. A classification process was devised for navigation and selection of reference sets of interest,
and to provide a summary of trends and gaps in research.

3. Selected articles were reviewed to provide more insight into strengths and weakness of current
approaches, with emphasis on quantitative responses of salmonid populations at different
scales and life histories.

4. Results and Discussion and Conclusions and Recommendations sections were prepared.

1. Online Search

As described in Appendix 1 I searched five databases covered by Cambridge Scientific Abstracts
(CSA), identifying 3,560 references. Elimination of most duplicate references was possible using
EndNote software (ISI ResearchSoft), which deleted 34% of the total. Abstracts for all the




remaining 2,350 references were read, and a ‘first cut’ of 441 references was made. This total

included references from other sources that the CSA search failed to encounter, including three

reports located by an ISP member. The first cut process was inevitably subjective, but the

following guidelines were followed:

(1) Any reference that could have a bearing on predicting salmonid quantities as a function of
instream habitat, riparian, or land-use/cover, or designing studies thereof was selected.

(i1) References that only considered specific water quality issues such as acid rain or other
pollutants were not selected.

(ii1) References that only considered nutrient enhancement through chemical or carcass addition
were not selected.

(iv) Studies specifically oriented towards dams or reservoirs were not selected.

(v) Laboratory or microhabitat/habitat field work was included if the results were useful for

defining or assessing meaningful response or explanatory variables in larger scale studies.

2. Classification

The 441 first-cut references inevitably contained a variety of interests, approaches, processes,
and spatial/temporal scales. To enable use of these to locate results of interest and design
monitoring surveys, classification of these references was necessary to enable navigation and

focus critical evaluation on subsets of key references.

A classification process was developed (Appendix 2) that permits Boolean searches on one field
to locate subsets of references of interest. For example, abstracts of all studies that predict the
effect of livestock grazing on fish quantities in multiple stream studies sampled at a reach scale
can be selected. Table 1 shows some examples of selections of potential interest from an initial
cut of 435 references. The first cut set was also used to derive trends in the temporal and spatial

scales of studies over time.

I archived all references in EndNote, so future searches under different criteria would be
straightforward and options exist for exporting information to other databases or formats.
Citations and abstracts from the first cut are available from the author. The original CSA search

material, including abstracts, is also available upon request.

3. Review of Selected Articles
A selection of 30 articles corresponding to the first subset in Table 1 was reviewed in detail.
Restriction to only 30 (6.8% of 441) articles was subjective, and was largely dictated by time

constraints. The articles chosen for review were based primarily on their relevance with respect




to detection of habitat change on quantitative salmonid responses, and secondarily on their
potential to reveal issues, particularly statistical design and sampling biases, of importance to
validation monitoring. The frequency of incomplete or inadequate reporting or analysis in
articles was too high to attempt a meta-analysis without access to original data. Further sampling
and more formal review of the literature is recommended, given that limited major reviews
covering worldwide literature on this subject have been produced since 1991 (Meehan 1991).
However, a supplement in the Canadian Journal of Fisheries and Aquatic Sciences was dedicated
to Atlantic salmon (e.g., Armstrong et al. 1998). Also, an agency report (Keeley et al. 1996) and
a recent publication (Roni et al. 2002), that were not revealed in the original search of May 2001,
looked specifically at effects of stream restoration on Pacific Northwest salmonids. All these

sources are considered here.

The emphasis of this preliminary review was on quantitative responses of salmonid populations
at different scales and life histories in freshwater with respect to habitat changes. The issue of
what is an appropriate measure of an anadromous salmonid population is critical. The ultimate
measure of ‘well-being’ is the abundance of returning adults (i.e., spawning escapement),
normally estimated on the basis of direct counts on spawning beds in streams, but is usually
underestimated in proportion to the degree of spawning in substrate in main stems of river
systems (Dauble and Geist 2000; Tschaplinski 2000). While this is an essential measure for
several applications over longer time scales and is important to roughly estimate marine
mortality rates, its ability to reflect improvements in freshwater habitat can be compromised by
inaccuracies in those mortality estimates (Kareiva et al. 2000; Dambacher et al. 2000).
Recruitment rates to smolt stage can only be estimated in a limited set of catchments whose
geography permits installation /construction of special structures close to the sea for tracking of
downstream migrants. Therefore, in most cases only estimates of population sizes of parr
(potamodromous and anadromous stocks) at specific ages in each drainage are possible. While
current technology only permits accurate estimation of local densities at habitat- or reach-scales,
it is no easy task to infer basin-wide populations and changes thereof from such estimates. The
ability to make these inferences, or alternatively to make arguments about habitat improvement
based only on local density estimates, is the most essential factor when assessing the utility of

existing studies.

4. Results and Discussion

4.1. General results of classification

Long term studies (Figure 1), mostly on single watersheds, undertaken between the 1950s and
1980s (Hunt 1976; House 1996; Tschaplinski 2000) have declined (Figure 2), and have been




replaced by short-term, larger spatial scale studies published from the late 1980s to the present
(Figure 3). However, research has been dominated by small-scale, short-term studies throughout
the past quarter century (see Figure 1 for period of literature search from late 1970s). This
dominant response to perceived needs reflects a combination of the prevalence of a reductionist
philosophy founded on the primacy of determining mechanisms at small scales, time limitations

on graduate student research, and institutional or political effects limiting the period of funding.

A good example of the short-term, small-scale approach is provided by the review and analysis
reported by Keeley et al. (1996). They used two models to predict changes in adult salmonid

production:

(1) For species that spawn and whose juveniles rear in streams:

adult/area = ( juveniles produced/area) * (survival rate of juveniles to adults),

(2) For species that spawn in streams, but whose juveniles rear in either lakes or estuaries:

adults/area =( embryos/area) *( survival rate to smoltification ) *(survival rate to adult).

Keeley et al. (1996) demonstrated significant increases (averaging 123%, analyzing species
separately) in local densities of salmonids in stream habitats (corresponding to juvenile
production in Model (1)), based on paired-t tests on paired reaches of unspecified dimension or
stream order. They projected returning adult densities based on published ocean survival
estimates (Model (1)). Only changes in area of spawnable gravel data were reported (8.5-fold
mean increase for restored habitats) for species corresponding to Model (2), so projections from

that model were not attempted.

Two major questions in Model (1) not discussed were: (a) how representative is the sample of
the population occupying the whole freshwater environment (Bilby 2000), and (b) given that
most of the samples were presumably during low-flow seasons, what seasonal effects, such as
winter habitat, could change the projections? Regarding (a), it can be argued that the smaller the
reach restored the greater the likelihood that it may serve as a refuge that attracts fish from
surrounding habitats. Predation or other losses due to poor refuge habitat may be reduced
sufficiently to affect the whole population, but its overall biological production may not be
because food supply may not be increased. Regarding (b), while the study separately analyzed
results from off-channel habitats, it did not recognize that the principal value of such habitats
was during winter high flows (Nickelson et al. 1992a). Although inferences from Model (1) were

driven by juvenile biomass densities, the strong statistical results reported by Keeley et al. (1996)




do imply that stream habitat restoration would increase smolt production and average adult
returns if improvements occurred on a sufficiently large scale and that freshwater productive

capacity was limiting.

The importance of question (b) is illustrated by a more recent multi-stream, experimental study
(Roni 2001; Roni and Quinn 2001) in which seasonal differences in the effects of large woody
debris (LWD) were reported. Juvenile coho densities were 1.8 and 3.2 times higher in LWD-
treated reaches compared with reference reaches during summer and winter, respectively, while
cutthroat and steelhead trout did not differ between treatment and reference reaches in summer

but were 1.7 times higher in treatment reaches in winter.

Earlier reviews during 1988-1991 (Fausch et al. 1988; Bjornn and Reiser 1991; Hicks et al.
1991; Platts 1991; Reeves et al. 1991) provided good arguments for large scale or multi-scale
research programs on a temporal or spatial basis. This review of literature during the past quarter
century indicates that the mean time-span of studies has decreased considerably (Figure 2),
while large-scale designs, as indicated by landscape and “whole basin” studies, have increased
(Figure 3). This is despite analyses indicating that year-to-year variability in salmonid
populations can be considerable (Platts and Nelson 1988; Holtby and Scrivener 1989; Bradford
et al. 1997; Ham and Pearsons 2000) even when environmental conditions vary little (House
1996). Such variability can severely constrain the interpretation and quantification of habitat
change effects on survival rates or on sizes of anadromous (Cunjak et al. 1998; Williams 1999)
or resident (Crisp 1993; Clark and Rose 1997) adult populations.

Conversely, the increased attention given to spatial scale effects, including multiple watersheds
and large basins, and corresponding landscape variables have provided some insight into
regional fidelity of populations or patches within metapopulation domains (Rieman and
Mclntyre 1995; Niemeld et al. 1999). Also, an increasing realization that habitat and
hydrological effects are more meaningful when measured at spatial and temporal scales larger
than those at the reach sampled for fish has been demonstrated empirically (Watson and Hillman
1997). However, considering that several factors that affect temporal variability are likely to be
dependent on environmental circumstances peculiar to individual populations, attempting to

trade space for time produces considerable risk associated with diagnostic or prediction attempts.

Roni et al. (2002) conclude from the examination of 93 papers that little is known about the
effectiveness of most restoration techniques. Most of the improvements were evaluated at

juvenile life stages and little has been done to detect changes in adult populations. From Table 1,




26 of 155 (23%) multi-stream studies and 49 of 101 (49%) single stream studies were
‘experimental,” according to my generous definition (‘experi,” Appendix 2). However, failures in

design and execution lead me to the same general conclusions as Roni et al. (2002).

More generally, the record of monitoring studies has been marred by several failures. Reid
(2001) addressed 30 flawed monitoring projects (mostly hydrological, sedimentological, or
wildlife), and identified twelve problems causing failures. Design problems were responsible in
70% and procedural problems in 50% of the projects. Design problems were similar among land-
management agencies, research agencies, and universities, while procedural problems were
relatively small in university projects. Problems causing failure in flawed projects were:

(1) under trained or unmotivated field crews (37%, procedural),

(2) a sampling plan incapable of measuring or detecting what is needed (30%, design),

(3) inadequate monitoring duration (27%, design),

(4) delays in analyzing data (27%, procedural),

(5) absence of collateral information to interpret results (20%, procedural),

(6) technological failures (17%, procedural),

(7) data irrelevant to objective (17%, design),

(8) fundamental misunderstanding of system (13%, design),

(9) inadequate statistical design (13%, design),

(10) lack of continuity due to personnel changes (13%, procedural),

(11) lack of institutional commitment (10%, procedural), and

(12) protocol changes affecting comparability (7%, procedural).

Those with fisheries experience will find many of these problems familiar, some of which are

discussed in the following section.

In conclusion, although strong inferences of increase in population size of juveniles in streams
have been documented, relating this to smolt recruitment and returning numbers of adults at
appropriately large scales has been neglected. Therefore, studies have not so far addressed

empirically the estimation of change in total population size as a result of restoration efforts.

4.2. Reviews of selected articles

Tables 2 and 3 summarize my analysis of the 30 references, of which 27 were multi-stream
(multi), 13 were ‘experimental’ (experi), and 10 were both. The following generalizations are

relevant to assessing the usefulness of studies in quantifying fish responses to potential causative




factors describing stream habitat, but are equally relevant to considerations of improved designs

of future validation monitoring studies.

First, failings in design, analysis, or reporting were widespread, as found by Fausch et al. (1988)
in fisheries studies and more generally by Reid (2001). The following problems were most
common:

(1) Failure to carefully analyze and reduce the set of explanatory variables before the final
analyses involving the response, so that variable confounding, non-robust predictions, and
low statistical power cannot be mitigated. Stepwise regression to eliminate variables is
frequently used, but is commonly recognized as a dangerous tool in the absence of prior

analysis.

(2) Failure to incorporate interactions in observational studies is very common. Excuses that they
complicate the analysis when prediction is needed, or that no theoretical reason exists for a
Ist order interaction, are not convincing given the frequency of main effect confounding and
the robustness of the model for predictions elsewhere, especially when it is difficult to
approach a balanced design in observational studies. Also, there are good reasons for
expecting synergistic or compensatory effects between factors, such as proxies for feeding

and refuge for stream fish.

(3) Failure to summarize the effectiveness of the model as a predictive tool. Although I have
summarized R’ values in Table 3, its use in comparisons has been criticized (Bayley 1988;
Fausch et al. 1988) because it is sensitive to the ranges of explanatory variables and does not

directly provide a comparable estimate for the precision of the model’s predictions.

(4) Failure to test for, or explain elimination of, outliers or influence points. Frequently, such
points are valid, but often show up because of an inappropriate statistical model. Rarely are
plots of residuals of proposed models provided.

The second concern is the continuing failure to address the issues of sampling bias in the
estimation of abundance and related population properties, even though there has been increased
criticism of uncorrected common methods, such as multiple removal, and practical solutions to

address this have been published during the past decade.

However, there are bright spots regarding both concerns. There are some examples of prior
analysis of explanatory variables (Bowlby and Roff 1986; Watson and Hillman 1997), and




designs regarding spatial scales (Nickelson et al. 1992b; Rieman and Mclntyre 1995; Riley and
Fausch 1995; Keith et al. 1998; Dunham and Rieman 1999; Solazzi et al. 2000). There are fewer
bright spots regarding bias-correction of fish samples. Sampling is dominated by multiple
removal (score 4, Table 2) or removal until apparent depletion (score 3) by electrofishing, and
snorkeling (score 2). There is nothing wrong with these approaches as a source of comparable,
quantitative estimates, providing that the protocol is consistent and there is a bias-correction.
Sophisticated computational processes based on statistical theory (e.g., Pradel 1996) will not
help, unless their assumptions (mainly predictable or constant catchability and closed population)
can be verified. Usually they are not, because catchability (or observability) can change
considerably as a function of physical habitat and repeated passes, and size and species of the
quarry. An exception is the work by a research group at the Oregon Department of Fish and
Wildlife (Nickelson et al. 1992a; Nickelson et al. 1992b; Solazzi et al. 2000) who either
performed local mark-recapture or corrected their multiple removal data using separate

calibration results (Rodgers et al. 1992).

The foregoing includes strong criticism of peer-reviewed literature, but is based on full-text
reviews of only a small number of the first-cut set of articles. Nonetheless, in order to detect
changes in whole populations resulting from restoration efforts, long-term or multi-watershed
surveys are needed that require comparable density estimates across habitats, crews, gear, and
stream sizes. Ignoring sampling biases will magnify biases in inferences at these larger scales. |
did observe that concern was frequently expressed about sampling biases in the methods sections
of reviewed publications reviewed, but usually no action to determine and apply bias-corrections

was taken.

4.3. Other issues

The review drew my attention to other issues that give rise to concern or optimism about current

approaches to salmonid-habitat studies:

Habitat evaluation model (HEM) approaches - I have criticized the application of HEM

approaches to the prediction of fish distributions (Bayley and Li 1992). The present literature
search indicates that there are other studies criticizing the HEM approach, and more specifically
the Instream Flow Incremental Methodology (IFIM) approach, than those supporting it (Table 1).
The most common criticism was based on the frequent failure to find a proportional relationship
between fish abundance and Weighted Usable Area derived from microhabitat preference curves.
Making reach-level inferences from microhabitat data is subject to several errors of a non-linear

nature due to a mismatch of spatio-temporal scales.




Risk analysis - Although risk-based analysis, that can take the approach of Bayesean statistics,
frequentist (using combinations of Type I and II errors and given effect size), or so-called
Bayesean Belief Networks, provides many advantages over use of arbitrary significance values,
this search only encountered four references (Korman and Higgins 1997; Lee and Rieman 1997;
Nickelson and Lawson 1998; Ham and Pearsons 2000) that attempted some risk analysis
(although the search was not specifically directed towards this method). Given that results of
Bayesean approaches (not to be confused with Bayesean Belief Networks) are much easier to
explain to managers and to apply to economic trade-off estimates, I hope that the lag in scientific

capacity to take advantage of this approach will be shortened.

Seasonal bottlenecks - As implied above, there continues to be an emphasis on surveying streams

during summer months (e.g., Table 3), despite the growing evidence that quantities of certain
discharge-related winter habitats may provide overriding bottlenecks affecting adult numbers
(e.g., Tschaplinski and Hartman 1983; Hillman et al. 1987; Cunjak 1996; Solazzi et al. 2000).
Studies that detect year-to-year effects of hydrological change (Scarnecchia 1981; Paulsen and
Fisher 2001) need to attempt to distinguish between the typically positive effects of natural
winter discharges and the negative effects of low summer levels, while accounting for potentially
confounding variables such as temperature. Future monitoring programs risk misidentification of

dominant causative factors unless summer, winter, and spring fish samples are taken regularly.

5. Conclusions and Recommendations

My overall conclusion is that current freshwater-based monitoring programs will either: (1) fail
to indicate an improvement associated with stream habitat restoration in either smolt production
or returning adults at the basin scale, or (2) indicate an improvement but fail to demonstrate
which and how habitat changes were responsible so that subsequent restoration policy could be
made more cost-effective. ‘Proof’ of dominant cause-and-effect relationships operational at
scales appropriate for the population will always be elusive, even with the best designed field
experiments. However, validation monitoring approaches that aim for strong inference based on
multi-stream studies over time (see section 5.2 below) are feasible, but no good examples were
found.

Solutions and limitations from existing studies (see 5.1 below) highlight issues of design and
analysis given a land-use and stream habitat restoration scenario. Section 5.2 contains

recommendations regarding how to proceed in designing a long-term monitoring program.
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5.1. Principal findings from literature search

1.

Further short-term, large spatial scale studies that attempt to trade space for time will probably
not provide sufficient new information to justify costs, unless they are planned to be part of a

long-term program.

. The habitat-microhabitat evaluation modeling (HEM) approach has been criticized by a

similar number of articles as those supporting it. Due to its frequent failure to substitute for
direct estimates of fish densities, in the author’s opinion the approach cannot justify further

expenditure in the context of validation monitoring.

. As earlier reviews found, most surveys continued to lack power through limited degrees of

freedom, many lacked appropriate statistical treatment of candidate explanatory variables, and
many failed to report comparable statistics. In addition, most ignored interactions, and most

lacked appropriate bias corrections of abundance estimates.

. Designs of short-term, large spatial scale studies have improved: several of these and earlier

long-term studies are of sufficient quality to link their data with future designs (see 5.2
above).

. Publications describing large-scale, multi-watershed, short-term studies have increased, and

provide a glimpse of spatial scale-dependent factors, but reports on multiple year studies have
decreased. Key papers highlighted the limitations of current approaches due to year-to-year
unexplained population variation, and the tenuous link between juvenile and adult cohort

sizes.

. Although more fisheries biologists are becoming concerned about the importance of obtaining

unbiased density estimates for joint analyses among surveys, watersheds, and stream sizes that
necessitate the deployment of different sampling protocols, there is little evidence from the
literature in general that the practical steps to achieve this are being undertaken. Although
consistent protocols are an essential prerequisite, they are insufficient to account for biases

that can be caused by the very habitats that are of potential ecological interest.

. Preparation of an efficient design for validation monitoring that involves fish sampling

depends on the experience of the practitioners. This is insufficient given the complex process
of finding a ‘natural experiment’ in watersheds replete with non-random distributions of

‘nuisance variables’ that influence salmonids in addition to the habitat factors of interest.
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Even with relatively simple systems, it is difficult to make credible predictions of statistical
power based on experience alone. However, no publications were found that model fish
sampling designs in realistic settings, such as by simulating the data collection process under
alternative designs using sample variances from previous studies. Therefore, no guidance
exists for optimizing survey designs, particularly at multiple watershed scales, that purport to

detect changes at given probabilities.

5.2. Recommendations - Where do we go from here?

Based on my review of the literature and personal experience I offer the following
recommendations to improve understanding of the responses of salmonids to habitat changes.
Future monitoring surveys should take advantage of existing, comparable fish sample
information, providing that the information contributes to a design that incorporates current or
planned contrasts between basins with extensive habitat restoration (treatments) and those with
unchanged habitat (controls). Essential components of future validation monitoring surveys are
as follows:

1. Reassess existing long-term and basin-wide, short-term data sets with repeatable protocols,
and identify drainage basins that have contrasts in degree of habitat restoration (with or

without existing fish samples). Utilize these sources in conducting components 2 and 3.

2. Develop simulation models of cost-limited, alternative fish sampling designs that incorporate

empirical variances and biases, to provide a quantitative template for recommendation 3.

3. Develop long-term (decades) monitoring programs that treat a series of basins and wild fish
populations as natural experiments along a gradient of habitat restoration. The sampling
design should track metapopulations or extensive populations and physical changes within
and among watersheds down to reach or segment scales. Because seeding and early survival
variation can change the habitat variables that are limiting, a measure of year-to-year
reproduction success of key salmonids (at least down to watershed scales) should be
concurrent with juvenile and adult monitoring of all fish species. Reach-scale, stratified
random fish sampling effort using protocols that are bias-correctable should be divided
between mid-summer and winter periods. Spatial strata should be watersheds expecting/not
expecting significant human alteration, litho-geomorphological zones within watersheds, and

stream sizes.
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4. Monitor flows to predict changes in seasonal habitat availability, including floodplains,
among watersheds, and monitor sediment transport at least sufficiently for models to

distinguish substrate size fractions among candidate watersheds and orders of streams.

5. Record key physical habitat variables, such as maximum pool depth, area, and frequency,
large wood, and substrate on a broad spatial scale, but on 5-year or more cycles. Devise a

parallel system of monitoring of an index of stream fertility.

6. Record physical habitat variables in fish-sampled reaches to: (1) reduce unexplained variance
with ecologically plausible variables when abundances are estimated on broader scales, and
(2) provide data necessary to correct fish abundance estimates when catchability is known or
suspected to be affected by such habitat variables (see 7 below). Current and prior sampling
protocols should be ‘quantifiable’ so that they can be calibrated with accurately known
abundances (through mark recapture on temporarily closed populations, not removal) to
correct for biases due to physical attributes of reach (6), fish size, and species. The aim is to
provide local abundance estimates from past and future samples that are independent of the

capture process.

8. Support studies at microhabitat or habitat scales when the processes identified and quantified
can be scaled to watershed and decadal scales. In particular, studies are needed that investigate
groupings of fish responses by taxa and size or age that are ecologically meaningful at those

larger scales.

Long-term validation monitoring surveys should not be expected to produce results before ten
years (barely two generations of many salmonid populations), but matching designs with existing
surveys, particularly broad-scale ones, may detect large effects in a shorter time. Such surveys
are not, and cannot be, designed to determine mechanistically how the many processes indicated
at habitat/microhabitat scales are linked to those indicated at population or metapopulation
scales. Rather, they aim at ‘strong inference’ that indicates the effects of a subset of small-scale
mechanisms that have been independently shown to be valid candidates. In conclusion, based on
the review of 441 abstracts and the subsets of 30 articles and other reviews, I believe that in the
absence of a well-designed, broad spatial and temporal scale monitoring program, no clear
reasons for stock recoveries or collapses will be found, and expenditure on scientific approaches

to improve future management will remain unjustified.
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Appendix. 1. Web Search Process.
Five databases were searched using Cambridge Scientific Abstracts (CSA)
(http://osulibrary.orst.edu/research/databases/csaccess.htm) applying the following Boolean

string:

Keyword (KW)=(salmon* OR trout*) AND KW=(stream™ OR creek* OR channel* OR river*
OR tributar*) AND KW=(abundance OR population* OR densit* OR biomass OR catch*) AND
KW=(habitat* OR restor* OR graz* OR enhance* OR rehabilitate* OR e?closure*),
where KW directs selection to title, keywords and abstract combined,

* = additional wildcard string of characters of length >0,

? = single wildcard character (to include exclosure(s) and enclosure(s)).

The search was applied to all references available, which included ‘grey’ literature and
references going back to 1973 with respect to Aquatic Sciences and Fisheries Abstracts (ASFA),

and all languages providing abstracts were in English. Results were:

Database # references
ASFA: Aquatic Sciences and Fisheries Abstracts 1,337
Conference Papers Index 9
Environmental Sciences and Pollution Mgmt 1,251
Oceanic Abstracts 259
Zoological Record Plus (2001) 37
Zoological Record Plus (2000) 137
Zoological Record Plus (1997-1999) 225
Zoological Record Plus (1993-1996) 298
Recent References Related to Your Search 1
Web Resources Related to Your Search 6
Total 3,560

Dealing efficiently with this quantity of abstracts and duplicate references required some trial
and error. Selecting references on the CSA web site proved laborious, and I deferred weeding out
duplicates. Conversely, downloading all complete references, and uploading into EndNote

(cross-platform software by ISI ResearchSoft), using filters appropriate for each database
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(www.isiresearchsoft.com/en/help/enfilters.asp), permitted elimination of a majority of

duplicates and efficient selection of references.

The main problem with CSA (and probably any other computerized literature search system, that
should all be regarded as state of the art) was that it missed several key references, because not
all years of ‘core’ journals were present in any of the five databases. For example, no North
American Journal of Fisheries Management references existed for 1986 and only 8 for 1985.
Also, volumes 19 through 21 of American Fisheries Society Special issues were missing, which

included the key review papers in volume 19 (Meehan 1991).
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Appendix 2. Classification Code Words
I used the following codes for classification of ‘first cut’ set of references (see Table 1). They are

entered under the ‘label’ field in an Endnote database available upon request.

Response variables:

quant empirical, field or lab data, as density or biomass or production estimate of salmonids at
fry=>juvenile stages

qual inc. non-density data such as individual growth rates

spawn redd densities, egg=>alevin studies, spawner survey

popdyn thinning, max. density production

migrat movement, dispersal, migration

nofish a few references with fish habitat or inverts as endpoints

Design features:

experi ‘natural experiment’ design, or habitat restoration, enhancement, (before-after control-
impact) BACI, other paired comparisons (e.g., day vs. night); includes experimental stocking of
fish with control.

multi >1 ‘replicate’ streams involved, unless a contrasting pair is used in an experiment
temporal multiple year-by-year comparison, except for simple before/after comparison

enclos artificial enclosures, includes artificial streams, excludes temporary blocking for fish
capture

lab laboratory study

Spatial scales of fish measurements and inferences (see Frissell et al. (1986)):

basin basinwide production estimates such as smolt production, and other aggregated estimates,
such as of abundance or biomass, at this scale

segment

reach including home range; papers with quantitative fish sampling that was not specifically
bounded by habitat types were normally included in this category.

habitat pools, riffles, glides or runs, etc.

microhab including territory (and used for habitat-based models such as IFIM, habitat quality
index (HQI), etc.)

offchann off-channel habitats studied, including small, floodplain tribs., alcoves, sloughs.
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Explanatory variables:

graz any riparian grazing effect

ag agricultural not specific to grazing, e.g., row crop, general

ripar including canopy, bank vegetation, logging or clearcutting in riparian zone

instream any ‘physical quantity’ in the stream: width, depth pool dims., cover (including plants),

undercut banks velocity gradient, weirs or other instream structures (includes substrate and lwd)

substrate including sediment

Iwd large wood, including brush bundles

lulc land-use/cover, but also includes geomorph/litho contrasts/basinwide info (including basin
area)

hydro inc upwelling, hyporheic, ice effects

lakehydro effects of lakes upstream, including reservoir operation effects

wtemp water temperature

watqual water quality (chemical, DO, turbidity)

fishing effect of stream fishing effort estimated

trophic invertebrate data, stable isotope

sppinter species interactions (predation, competition) including allo- vs. sympatric comparisons,
and joint salmonid-non-salmonid studies or when salmonids don't dominate the fish fauna
noenv no ‘physical’ environmental effects tested (macrophytes included, watqual excluded) from

microhab=>landscape scales.

Miscellaneous:

hem habitat evaluation (HEM) or numerical habitat models (NHM) methods, including IFIM and
HSI (below), HQI, HABSCORE (but this also includes catchment variables), HPI, NHM

IFIM includes PHABSIM, IFIM, HSI, WUA using Bovee et al.'s approach

review literature review (excluding data mining studies)

modeling alternatives to normal statistical analysis (regression or discriminant) , e.g., Bayesian,
neural network, non-linear models, simulation

risk any risk probability or power analysis

design statistical sampling

method sampling methods or comparison of different measurement methods

warnings criticism or failure to get expected results

economic any estimates of costs or benefits

philosophy including approach to assessment, management

datasource primarily source of data

foreign foreign language article with English abstract: French Norwegian German encountered.

17



References
Below is a partial list of references, including those cited in this report; the full set of 441 first-

cut references and abstracts analyzed are available separately.

Armstrong, J. D., J. W. A. Grant, H. L. Forsgren, K. D. Fausch, R. M. DeGraaf, I. A. Fleming, T. D.
Prowse, and 1. J. Schlosser. 1998. The application of science to the management of Atlantic salmon
(Salmo salar): integration across scales. Canadian Journal of Fisheries and Aquatic Sciences 55: 303-311.

Barnard, S., R. J. Wyatt, and N. J. Milner. 1995. The development of habitat models for stream salmonids
and their application to fisheries management. Edited by P. Gaudin, Y. Souchon, D. J. Orth and E.
Vigneux. Conseil Superieur de la Peche, Paris (France).

Barton, D. R., W. D. Taylor, and R. M. Biette. 1985. Dimensions of riparian buffer strips required to
maintain trout habitat in southern Ontario streams. North American Journal of Fisheries Management 5:
364-378.

Bates, D. J., G. G. McBain, and R. W. Newbury. 1997. Restoration of a channelized salmonid stream,
Oullette Creek, British Columbia. Edited by J. D. Hall, P. A. Bisson and R. E. Gresswell. American
Fisheries Society, Oregon Chapter, Corvallis, Oregon (USA).

Baxter, C. V., C. A. Frissell, and F. R. Hauer. 1999. Geomorphology, logging roads, and the distribution
of bull trout spawning in a forested river basin: implications for management and conservation.
Transactions of the American Fisheries Society 128: 854-867.

Bayley, P. B. 1988. Accounting for effort when comparing tropical fisheries in lakes, river-floodplains,
and lagoons. Limnology and Oceanography 33: 963-972.

Bayley, P. B., and H. W. Li. 1992. Riverine fishes. Pages 252-281. /n P. Calow and G. E. Petts, editors.
The Rivers Handbook: Hydrological and Ecological Principles. Vol. 1 Blackwell Scientific Publications,
Oxford.

Bergheim, A., and T. Hesthagen. 1990. Production of juvenile Atlantic salmon, Salmo salar L., and
brown trout, Salmo trutta L., within different sections of a small enriched Norwegian river. Journal of
Fish Biology 36: 545-562.

Bilby, R. E. 2000. Freshwater Habitat and Salmon Recovery: Relating land use actions to fish population
response. http://www.nwfsc.noaa.gov/SAB/Bilby.htm Northwest Fisheries Science Center 2.

Bilby, R. E., and B. R. Fransen. 1992. Effect of habitat enhancement and canopy removal on the fish
community of a headwater stream. Northwest Science 66: 137.

Binns, N. A. 1994. Long-term responses of trout and macrohabitats to habitat management in a Wyoming
headwater stream. North American Journal of Fisheries Management 14: 87-98.

Binns, N. A., and R. Remmick. 1994. Response of Bonneville cutthroat trout and their habitat to
drainage-wide habitat management at Huff Creek, Wyoming. North American Journal of Fisheries
Management 14: 669-680.

18



Bjornn, T., and D. Reiser. 1991. Habitat requirements of salmonids in streams. Pages 83-138. /n W. R.
Meehan, editors. The influence of forest and rangeland management on salmonids and their habitat.
American Fisheries Society Special Publication 19, Bethesda, MD.

Bjornn, T. C., S. C. Kirking, and W. R. Meehan. 1991. Relation of cover alterations to the summer
standing crop of young salmonids in small southeast Alaska streams. Transactions of the American
Fisheries Society 120: 562-570.

Black, R. W., and T. A. Crowl. 1995. Effects of instream woody debris and complexity on the aquatic
community in a high mountain, desert stream community. Edited by D. A. Hendrickson. .

Bourgeois, C. E., D. A. Scruton, D. E. Stansbury, and J. M. Green. 1993. Preference of juvenile Atlantic
salmon (Salmo salar) and brook trout (Salvelinus fontinalis) for two types of habitat improvement
structures. Edited by R. J. Gibson and R. E. Cutting. .

Bowlby, J. N., and J. C. Roff. 1986. Trout biomass and habitat relationships in southern Ontario streams.
Transactions of the American Fisheries Society 115: 503-514.

Bradford, M. J., G. C. Taylor, and J. A. Allan. 1997. Empirical review of coho salmon smolt abundance
and the prediction of smolt production at the regional level. Transactions of the American Fisheries
Society 126: 49-64.

Bremset, G., and O. K. Berg. 1997. Density, size-at-age, and distribution of young Atlantic salmon
(Salmo salar) and brown trout (Salmo trutta) in deep river pools. Canadian Journal of Fisheries and
Aquatic Sciences 54: 2827-2836.

Brown, T. G., and G. F. Hartman. 1988. Contribution of seasonally flooded lands and minor tributaries to
the production of coho salmon in Carnation Creek, British Columbia. Transactions of the American
Fisheries Society 117: 546-551.

Brusven, M. A., W. R. Meehan, and J. F. Ward. 1986. Summer use of simulated undercut banks by
juvenile chinook salmon in an artificial Idaho channel. North American Journal of Fisheries Management
6: 32-37.

Bryant, M. D., D. N. Swanston, R. C. Wissmar, and B. E. Wright. 1998. Coho salmon populations in the
Karst landscape of North Prince of Wales Island, Southeast Alaska. Transactions of the American
Fisheries Society 127: 425-433.

Burns, J. W. 1972. Some effects of logging and associated road construction on northern California
streams. Transactions of the American Fisheries Society 101: 1-17.

Cade, B. S., and J. W. Terrell. 1997. Comment: Cautions on forcing regression equations through the
origin. North American Journal of Fisheries Management 17: 225-227.

Chapman, D. W., and E. Knudsen. 1980. Channelization and livestock impacts on salmonid habitat and
biomass in Western Washington. Transactions of the American Fisheries Society 109: 357-363.

Clark, M. E., and K. A. Rose. 1997. Factors affecting competitive dominance of rainbow trout over brook
trout in southern Appalachian streams: Implications of an individual-based model. Transactions of the
American Fisheries Society 126: 1-20.

19



Clarke, K. D., and D. A. Scruton. 1999. Brook trout production dynamics in the streams of a low fertility
Newfoundland watershed. Transactions of the American Fisheries Society 128: 1222-1229.

Clarkson, R. W., and J. R. Wilson. 1995. Trout biomass and stream habitat relationships in the White
Mountains area, east-central Arizona. Transactions of the American Fisheries Society 124: 599-612.

Connolly, P. J., and J. D. Hall. 1999. Biomass of coastal cutthroat trout in unlogged and previously clear-
cut basins in the central Coast Range of Oregon. Transactions of the American Fisheries Society 128:
890-899.

Contor, C. R., E. Hoverson, P. Kissner, and J. Volkman. 1996. Umatilla Basin natural production
monitoring and evaluation. Annual progress report, 1994-1995. Report.

Crisp, D. T. 1993. Population densities of juvenile trout (Salmo trutta) in five upland streams and their
effects upon growth, survival and dispersal. Journal of Applied Ecology 30: 759-771.

Culp, J. M., G. J. Scrimgeour, and G. D. Townsend. 1996. Simulated fine woody debris accumulations in
a stream increase rainbow trout fry abundance. Transactions of the American Fisheries Society 125: 472-
479.

Cunjak, R. A. 1996. Winter habitat of selected stream fishes and potential impacts from land-use activity.
Canadian Journal of Fisheries and Aquatic Sciences 53: 267-282.

Cunjak, R. A., T. D. Prowse, and D. L. Parrish. 1998. Atlantic salmon (Salmo salar) in winter: ‘The
season of parr discontent?’ Canadian Journal of Fisheries and Aquatic Sciences 55: 161-180.

Cunjak, R. A., and J. Therrien. 1998. Inter-stage survival of wild juvenile Atlantic salmon, Salmo salar L.
Fisheries Management and Ecology 5: 209-223.

Davies, P. E., and M. Nelson. 1994. Relationships between riparian buffer widths and the effects of
logging on stream habitat, invertebrate community composition and fish abundance. Australian journal of
marine and freshwater research 45: 1289-1305.

Dambacher, J. M., P. A. Rossignol, H. W. Li, and J. M. Emlen. 2000. Dam breaching and chinook salmon
recovery (technical comment). Science 291: 939.

Dauble, D. D., and D. R. Geist. 2000. Comparison of mainstem spawning habitats for two populations of
fall chinook salmon in the Columbia River basin. Regulated Rivers Research & Management 16: 345-
361.

Dewberry, C., P. Burns, and L. Hood. 1998. After the Flood. The effects of the storms of 1996 on a creek
restoration project in Oregon. Restoration & Management Notes 16: 174-182.

Dolloff, C. A. 1986. Effects of stream cleaning on juvenile coho salmon and Dolly Varden in Southeast
Alaska. Transactions of the American Fisheries Society 115: 743-755.

Dunham, J. B., and B. E. Rieman. 1999. Metapopulation structure of bull trout: influences of habitat size,
isolation, and human disturbance. Ecological Applications 9: 642-655.

20



Eaglin, G. S., and W. A. Hubert. 1993. Effects of logging and roads on substrate and trout in streams of
the Medicine Bow National Forest, Wyoming. North American Journal of Fisheries Management 13:
844-846.

Ebersole, J. L., W. J. Liss, and C. A. Frissell. 2001. Relationship between stream temperature, thermal
refugia and rainbow trout Oncorhynchus mykiss abundance in arid-land streams in the northwestern
United States. Ecology of Freshwater Fish 10: 1-10.

Eifert, W. H. 1982. The selection of fishery parameters for inclusion in the stream reach inventory and
channel stability index.

Eifert, W. H., and T. A. Wesche. 1982. Evaluation of the stream reach inventory and channel stability
index for instream habitat analysis. Report SER-82.

Ekloev, A. G. 1996. Effects of habitat size and species richness on anadromous brown trout, Salmo trutta
L., populations. Fisheries Management and Ecology 3: 97-101.

Ekloev, A. G., L. A. Greenberg, C. Broenmark, P. Larsson, and O. Berglund. 1998. Response of stream
fish to improved water quality: a comparison between the 1960s and 1990s. Freshwater Biology 40: 771-
782.

Elliott, J. M., and M. A. Hurley. 1998. Population regulation in adult, but not juvenile, resident trout
(Salmo trutta) in a Lake District stream. Journal of Animal Ecology 67: 280-286.

Elliott, S. T. 1986. Reduction of a Dolly Varden population and macrobenthos after removal of logging
debris. Transactions of the American Fisheries Society 115: 392-400.

Erman, D. C., and D. Mahoney. 1983. Recovery after logging in streams with and without buffer strips in
Northern California.

Everest, F. H., J. R. Sedell, G. H. Reeves, and J. Wolfe. 1985. Fisheries enhancement in the Fish Creek
Basin: An evaluation of in-channel and off-channel projects, 1984. Annual report 1984. Report
DOE/BP/16726-1.

Fausch, K. D., C. L. Hawkes, and M. G. Parsons. 1988. Models that predict standing crop of stream fish
from habitat variables: 1950-85. General Technical Report PNW-GTR-213. United States Department of
Agriculture, Forest Service.

Fjellheim, A., and G. G. Raddum. 1996. Weir building in a regulated west Norwegian river: Long-term
dynamics of invertebrates and fish. Edited by J. E. Brittain, I. Brinkman and C. Nilsson. .

Frissell, C. A., W. J. Liss, C. E. Warren, and M. D. Hurley. 1986. A hierarchical framework for stream
habitat classification: viewing streams in a watershed context. Environmental Management 10: 199-214.

Giannico, G. R. 2000. Habitat selection by juvenile coho salmon in response to food and woody debris
manipulations in suburban and rural stream sections. Canadian Journal of Fisheries and Aquatic Sciences
57:1804-1813.

Grant, J. W. A., J. Englert, and B. F. Bietz. 1986. Application of a method for assessing the impact of
watershed practices: effects of logging on salmonid standing crops. North American Journal of Fisheries
Management 6: 24-31.

21



Gries, G., K. G. Whalen, F. Juanes, and D. L. Parrish. 1997. Nocturnal activity of juvenile Atlantic
salmon (Salmo salar) in late summer: Evidence of diel activity partitioning. Canadian Journal of Fisheries
and Aquatic Sciences 54: 1408-1413.

Griffith, J. S., and R. W. Smith. 1995. Failure of submersed macrophytes to provide cover for rainbow
trout throughout their first winter in the Henrys Fork of the Snake River, Idaho. North American Journal
of Fisheries Management 15: 42-48.

Ham, K., and T. Pearsons. 2000. Can reduced salmonid population abundance be detected in time to limit
management impacts? Canadian Journal of Fisheries and Aquatic Sciences 57: 17-24.

Hanson, D. L., and T. F. Waters. 1974. Recovery of standing crop and production rate of a brook trout
population in a flood-damaged stream. Transactions of the American Fisheries Society 103: 431-439.

Hartman, G. F., and T. G. Brown. 1987. Use of small, temporary, floodplain tributaries by juvenile
salmonids in a west coast rain-forest drainage basin, Carnation Creek, British Columbia. Canadian
Journal of Fisheries and Aquatic Sciences 44: 262-270.

Hartzler, J. R. 1983. The effects of half-log covers on angler harvest and standing crop of brown trout in
McMichales Creek, Pennsylvania. North American Journal of Fisheries Management 3: 228-238.

Harvey, B. C. 1998. Influence of large woody debris on retention, immigration, and growth of coastal
cutthroat trout (Oncorhynchus clarki clarki) in stream pools. Canadian Journal of Fisheries and Aquatic
Sciences 55: 1902-1908.

Harvey, B. C., and R. J. Nakamoto. 1996. Effects of steelhead density on growth of coho salmon in a
small coastal California stream. Transactions of the American Fisheries Society 125: 237-243.

Harvey, B. C., and R. J. Nakamoto. 1997. Habitat-dependent interactions between two size-classes of
juvenile steelhead in a small stream. Canadian Journal of Fisheries and Aquatic Sciences 54: 27-31.

Hayes, J. W. 1995. Spatial and temporal variation in the relative density and size of juvenile brown trout
in the Kakanui River, North Otago, New Zealand. New Zealand Journal of Marine and Freshwater
Research 29: 393-407.

Heggenes, J. 1988. Effect of experimentally increased intraspecific competition on sedentary adult brown
trout (Salmo trutta ) movement and stream habitat choice. Canadian Journal of Fisheries and Aquatic
Sciences 45: 1163-1172.

Herger, L. G., W. A. Hubert, and M. K. Young. 1996. Comparison of habitat composition and cutthroat
trout abundance at two flows in small mountain streams. North American Journal of Fisheries
Management 16: 294-301.

Hesthagen, T., J. Heggenes, B. M. Larsen, H. M. Berger, and T. Forseth. 1999. Effects of water chemistry
and habitat on the density of young brown trout Salmo trutta in acidic streams. Water, Air, and Soil
Pollution 112: 85-106.

Hetrick, N. J., M. A. Brusven, T. C. Bjornn, R. M. Keith, and W. R. Meehan. 1998a. Effects of canopy
removal on invertebrates and diet of juvenile coho salmon in a small stream in southeast Alaska.
Transactions of the American Fisheries Society 127: 876-888.

22



Hetrick, N. J., M. A. Brusven, W. R. Meehan, and T. C. Bjornn. 1998b. Changes in solar input, water
temperature, periphyton accumulation, and allochthonous input and storage after canopy removal along
two small salmon streams in Southeast Alaska. Transactions of the American Fisheries Society 127: 859-
875.

Hicks, B. J., J. D. Hall, P. A. Bisson, and J. R. Sedell. 1991. Responses of salmonids to habitat changes.
Pages 484-518. In W. R. Meehan, editors. The influence of forest and rangeland management on
salmonids and their habitat. American Fisheries Society Special Publication 19, Bethesda, MD.

Hillman, T. W, J. S. Griffith, and W. S. Platts. 1987. Summer and winter habitat selection by juvenile
chinook salmon in a highly sedimented Idaho stream. Transactions of the American Fisheries Society 16:
185-195.

Holtby, L. B. 1988. Effects of logging on stream temperatures in Carnation Creek, British Columbia, and
associated impacts on the coho salmon (Oncorhynchus kisutch). Canadian Journal of Fisheries and
Aquatic Sciences 45: 502-515.

Holtby, L. B., and J. C. Scrivener. 1989. Observed and simulated effects of climatic variability, clear-cut
logging and fishing on the numbers of chum salmon (Oncorhynchus keta ) and coho salmon (O. kisutch )
returning to Carnation Creek, British Columbia. Edited by C. D. Levings, L. B. Holtby and M. A.
Henderson. .

Horan, D. L., J. L. Kershner, C. P. Hawkins, and T. A. Crowl. 2000. Effects of habitat area and
complexity on Colorado River cutthroat trout density in Uinta Mountain streams. Transactions of the
American Fisheries Society 129: 1250-1263.

House, R. 1995. Temporal variation in abundance of an isolated population of cutthroat trout in western
Oregon, 1981-1991. North American Journal of Fisheries Management 15: 33-41.

House, R. 1996. An evaluation of stream restoration structures in a coastal Oregon stream, 1981-1993.
North American Journal of Fisheries Management 16: 272-281.

House, R. A., and P. L. Boehne. 1986. Effects of instream structure on salmonid habitat and populations
in Tobe Creek, Oregon. North American Journal of Fisheries Management 6: 38-46.

Howard-Williams, C., and S. Pickmere. 1999. Nutrient and vegetation changes in a retired pasture stream.
Recent monitoring in the context of a long-term dataset. Science for Conservation 5-34.

Hubert, W. A., T. D. Marwitz, K. G. Gerow, N. A. Binns, and R. W. Wiley. 1996. Estimation of potential
maximum biomass of trout in Wyoming streams to assist management decisions. North American Journal
of Fisheries Management 16: 821-829.

Hunt, R. L. 1976. A long-term evaluation of trout habitat development and its relation to improving
management-related research. Transactions of the American Fisheries Society 105: 361-364.

Hunt, R. L. 1992. Evaluation of trout habitat improvement structures in three high-gradient streams in
Wisconsin. Technical Bulletin 179. Department of Natural Resources, Madison, WI.

Irvine, J. R. 1987. effects of varying flows in man-made streams on rainbow trout (Salmo gairdneri
Richardson) fry.

23



Jenkins, T. M., Jr., S. Diehl, K. W. Kratz, and S. D. Cooper. 1999. Effects of population density on
individual growth of brown trout in streams. Ecology 80: 941-956.

Jones, K. K., and K. M. S. Moore. 2000. Habitat assessment in coastal basins in Oregon: Implications for
coho salmon production and habitat restoration. Edited by E. E. Knudson, C. R. Steward, D. D.
MacDonald, J. E. Williams and D. W. Reiser. CRC Press LLC, 2000 Corporate Blvd., NW Boca Raton
FL 33431 USA.

Jowett, J. G. 1992. Models of the abundance of large brown trout in New Zealand rivers. North American
Journal of Fisheries Management 12: 417-432.

Kareiva, P., M. Marvier, and M. McClure. 2000. Recovery and management options for spring/summer
chinook salmon in the Columbia River Basin. Science 290: 977-979.

Keeley, E. R., P. A. Slaney, and D. Zaldokas. 1996. Estimates of production benefits for salmonid fishes
from stream restoration initiatives. Watershed Restoration Management Report No. 4. Watershed
Restoration Program. Ministry of Environment, Lands and Parks and Ministry of Forests, British
Columbia.

Keith, R. M., T. C. Bjornn, W. R. Meehan, N. J. Hetrick, and M. A. Brusven. 1998. response of juvenile
salmonids to riparian and instream cover modifications in small streams flowing through second-growth
forests of Southeast Alaska. Transactions of the American Fisheries Society 127: 889-907.

Keller, C. R., and K. P. Burnham. 1982. Riparian fencing, grazing, and trout habitat preference on
Summit Creek, Idaho. North American Journal of Fisheries Management 2: 53-59.

Knapp, R. A., V. T. Vredenburg, and K. R. Matthews. 1998. Effects of stream channel morphology on
golden trout spawning habitat and recruitment. Ecological Applications 8: 1104-1117.

Knudsen, E. E., and S. J. Dilley. 1987. Effects of riprap bank reinforcement on juvenile salmonids in four
western Washington streams. North American Journal of Fisheries Management 7: 351-356.

Kondolf, G. M. 1994. Livestock grazing and habitat for a threatened species: land-use decisions under
scientific uncertainty in the White Mountains, California, USA. Environmental Management 18: 501-509.

Korman, J., and P. S. Higgins. 1997. Utility of escapement time series data for monitoring the response of
salmon populations to habitat alteration. Canadian Journal of Fisheries and Aquatic Sciences 54: 2058-
2067.

Kucera, P. A., and D. B. Johnson. 1986. Biological and physical inventory of the streams within the Nez
Perce Reservation: juvenile steelhead survey and factors that affect abundance in selected streams in the
Lower Clearwater River Basin, Idaho. DE87-009919. DOE Report No. DOE/BP/10068--T1. National
Technical Information Service, Springfield VA. 22161.

Kwak, T. J., and T. Waters. 1997. Trout production dynamics and water quality in Minnesota streams.
Transactions of the American Fisheries Society 126: 35-48.

Lee, D. C., and B. E. Rieman. 1997. Population viability assessment of salmonids by using probabilistic
networks. North American Journal of Fisheries Management 17: 1144-1157.

24



Leidholt-Bruner, K., D. E. Hibbs, and W. C. McComb. 1992. Beaver dam locations and their effects on
distribution and abundance of coho salmon fry in two coastal Oregon streams. Northwest Science 66:
218-223.

Levings, C. D., and D. J. H. Nishimura. 1997. Created and restored marshes in the Lower Fraser River,
British Columbia: Summary of their functioning as fish habitat.

Lindsay, R. B., W. J. Knox, F. M. W, B. J. Smith, E. A. Olsen, and L. S. Lutz. 1986. Study of wild spring
chinook salmon in the John Day River system. Final Report to Bonnevile Power Administration. Project
No. 79-4. Oregon Department of Fish & Wildlife, Portland, OR. Feb. 1986.

Linlokken, A. 1997. Effects of instream habitat enhancement on fish populations of a small Norwegian
stream.

Lonzarich, D. 1992. Patterns of community structure and microhabitat use by stream fishes in three
Washington streams. Northwest Science 66: 137.

Manske, M., and C. J. Schwarz. 2000. Estimates of stream residence time and escapement based on
capture-recapture data. Canadian Journal of Fisheries and Aquatic Sciences 57: 241-246.

Martin, D. J., L. J. Wasserman, and V. H. Dale. 1986. Influence of riparian vegetation on posteruption
survival of coho salmon fingerlings on the west-side streams of Mount St. Helens, Washington. North
American Journal of Fisheries Management 6: 1-8.

Martin, D. J., L. J. Wasserman, R. P. Jones, and E. O. Salo. 1984. Effects of Mount St. Helens eruption on
salmon populations and habitat in the Toutle River. Report FRI-UW-8412.

Matthews, K. R., N. H. Berg, D. L. Azuma, and T. R. Lambert. 1994. Cool water formation and trout
habitat use in a deep pool in the Sierra Nevada, California. Transactions of the American Fisheries
Society 123: 549-564.

McMenemy, J. R. 1995. Survival of Atlantic salmon fry stocked at low density in the West River,
Vermont. North American Journal of Fisheries Management 15: 366-374.

McMichael, G. A., and T. N. Pearsons. 1998. Effects of wild juvenile spring chinook salmon on growth
and abundance of wild rainbow trout. Transactions of the American Fisheries Society 127: 261-274.

Meehan, W. R. (editors). 1991. The influence of forest and rangeland management on salmonids and their
habitat. American Fisheries Society Special Publication 19. Bethesda, MD, 751 p.

Mesick, C. F. 1995. Response of brown trout to streamflow, temperature, and habitat restoration in a
degraded stream. Rivers 5: 75-95.

Milner, A. M., E. E. Knudsen, C. Soiseth, A. L. Robertson, D. Schell, I. T. Phillips, and K. Magnusson.
2000. Colonization and development of stream communities across a 200-year gradient in Glacier Bay
National Park, Alaska, U.S.A. Canadian Journal of Fisheries and Aquatic Sciences 57: 2319-2335.

Milner, N. J., R. J. Wyatt, S. Barnard, and M. D. Scott. 1995. Variance structuring in stream salmonid
populations, effects of geographical scale and implications for habitat models. Edited by P. Gaudin, Y.
Souchon, D. J. Orth and E. Vigneux. CONSEIL SUPERIEUR DE LA PECHE, PARIS (FRANCE).

25



Moscrip, A. L., and D. R. Montgomery. 1997. Urbanization, flood frequency, and salmon abundance in
Puget lowland streams. Journal of the American Water Resources Association 33: 1289-1297.

Murphy, M. L., C. P. Hawkins, and N. H. Anderson. 1981. Effects of canopy modification and
accumulated sediment on stream communities. Transactions of the American Fisheries Society 110: 469-
478.

Murphy, M. L., J. Heifetz, J. F. Thedinga, S. W. Johnson, and K. V. Koski. 1989. Habitat utilization by
juvenile Pacific salmon (Oncorhynchus ) in the glacial Taku River, Southeast Alaska. Canadian Journal of
Fisheries and Aquatic Sciences 46: 1677-1685.

Nakamoto, R. J. 1994. Characteristics of pools used by adult summer steelhead oversummering in the
New River, California. Transactions of the American Fisheries Society 123: 757-765.

Nass, B. L., K. K. English, and H. R. Frith. 1996. Assessment of summer rearing habitat and juvenile
coho abundance in the Kwinageese River, B.C., 1992. Report.

Newman, R. M., and T. F. Waters. 1989. Differences in brown trout (Salmo trutta ) production among
contiguous sections of an entire stream. Canadian Journal of Fisheries and Aquatic Sciences 46: 203-213.

Nickelson, T. E., J. D. Rodgers, S. L. Johnson, and M. F. Solazzi. 1992a. Seasonal changes in habitat use
by juvenile coho salmon (Oncorhynchus kisutch) in Oregon coastal streams. Canadian Journal of
Fisheries and Aquatic Sciences 49: 783-789.

Nickelson, T. E., M. F. Solazzi, S. L. Johnson, and J. D. Rodgers. 1992b. Effectiveness of selected stream
improvement techniques to create suitable summer and winter rearing habitat for juvenile coho salmon
(Oncorhynchus kisutch ) in Oregon coastal streams. Canadian Journal of Fisheries and Aquatic Sciences
49: 790-794.

Nickelson, T. E., and P. W. Lawson. 1998. Population viability of coho salmon, Oncorhynchus kisutch, in
Oregon coastal basins: Application of a habitat-based life cycle model. Canadian Journal of Fisheries and
Aquatic Sciences 55: 2383-2392.

NiemelS, E., M. Julkunen, and J. Erkinaro. 1999. Revealing trends in densities of juvenile Atlantic
salmon, Salmo salar L., in the subarctic River Teno using cluster analysis on long-term sampling data.
Fisheries Management and Ecology 6: 207-220.

Paulsen, C. M., and T. R. Fisher. 2001. Statistical relationship between parr-to-smolt survival of
Snake River spring-summer chinook salmon and indices of land use. Transactions of the American
Fisheries Society 130: 347-358.

Petrosky, C. E., and T. B. Holubetz. 1986. Idaho Habitat evaluation for off-site mitigation record: Annual
Report 1985.

Platts, W. 1991. Livestock grazing. Pages 389-423. In W. R. Meehan, editors. The influence of forest and
rangeland management on salmonids and their habitat. American Fisheries Society Special Publication
19, Bethesda, MD.

Platts, W. S., and R. L. Nelson. 1988. Fluctuations in trout populations and their implications for land-use
evaluation. North American Journal of Fisheries Management 8: 333-345.

26



Platts, W. S., and R. L. Nelson. 1989. Stream canopy and its relationship to salmonid biomass in the
Intermountain West. North American Journal of Fisheries Management 9: 446-457.

Pradel, R. 1996. Utilization of capture-mark-recapture for the study of recruitment and population growth
rate. Biometrics 52: 703-709.

Quinn, T. P., and N. P. Peterson. 1996. The influence of habitat complexity and fish size on over-winter
survival and growth of individually marked juvenile coho salmon (Oncorhynchus kisutch) in Big Beef
Creek, Washington. Canadian Journal of Fisheries and Aquatic Sciences 53: 1555-1564.

Reeves, G., J. D. Hall, T. Roelofs, T. Hickman, and C. Baker. 1991. Rehabilitating and modifying stream
habitats. Pages 519-557. In W. R. Meehan, editors. The influence of forest and rangeland management on
salmonids and their habitat. American Fisheries Society Special Publication 19, Bethesda, MD.

Reeves, G. H., F. H. Everest, J. R. Sedell, and D. B. Hohler. 1990. Influence of habitat modifications on
habitat composition and anadromous salmonid populations in Fish Creek, Oregon, 1983-88. Annual
report, 1988. Report DOE/BP/16726-5.

Reid, L. M. 2001. The epidemiology of monitoring. Journal of the American Water Resources
Association 37: 815-820.

Rieman, B. E., and J. D. Mclntyre. 1995. Occurrence of bull trout in naturally fragmented habitat patches
of varied size. Transactions of the American Fisheries Society 124: 285-296.

Riley, S. C., and K. D. Fausch. 1995. Trout population response to habitat enhancement in six northern
Colorado streams. Canadian Journal of Fisheries and Aquatic Sciences 52: 34-53.

Rinne, J. H. 1994. The effects of fire and its management on southwestern (USA) fishes and aquatic
habitats. Lake and Reservoir Management 9: 108.

Rodgers, J. D., M. F. Solazzi, S. L. Johnson, and M. A. Buckman. 1992. Comparison of three techniques
to estimate juvenile coho salmon populations in small streams. North American Journal of Fisheries
Management 12: 79-86.

Roni, P. 2001. Responses of fishes and salamanders to instream restoration efforts in western Oregon and
Washington. Project Completion Report to Bureau of Land Management, Oregon State Office, 1515
S.W. 5th St. Portland OR 97208 and Environmental Conservation Division, Northwest Fisheries Science
Center, NMFS, 2725 Montlake Blvd. E., Seattle WA 98112. 132 p. January 2001.

Roni, P., T. J. Beechie, R. E. Bilby, F. E. Leonetti, M. M. Pollock, and G. R. Pess. 2002. A review of
stream restoration techniques and a hierarchical strategy for prioritizing restoration in Pacific Northwest
watersheds. North American Journal of Fisheries Management 22: 1-20.

Roni, P., and T. P. Quinn. 2001. Density and size of juvenile salmonids in response to placement of large
woody debris in western Oregon and Washington streams. Canadian journal of fisheries and aquatic
sciences 58: 282-292.

Roper, B. B., D. L. Scarnecchia, and T. J. La Marr. 1994. Summer distribution of and habitat use by
chinook salmon and steelhead within a major basin of the South Umpqua River, Oregon. Transactions of
the American Fisheries Society 123: 298-308.

27



Sankovich, P., R. W. Carmichael, and M. L. Keefe. 1998. Fish research project - Oregon: Smolt
migration characteristics and mainstem Snake and Columbia River detection rates of PIT-tagged Grande
Ronde and Imnaha River naturally-produced spring chinook salmon. Annual report 1996.

Scarnecchia, D. L. 1981. Effects of streamflow and upwelling on yield of wild coho salmon
(Oncorhynchus kisutch ) in Oregon. Canadian Journal of Fisheries and Aquatic Sciences 38: 471-475.

Scarnecchia, D. L., and E. P. Bergersen. 1986. Production and habitat of threatened greenback and
Colorado River cutthroat trouts in Rocky Mountain headwater streams. Transactions of the American
Fisheries Society 115: 382-391.

Scarnecchia, D. L., and E. P. Bergersen. 1987. Trout production and standing crop in Colorado 's small
streams, as related to environmental features. North American Journal of Fisheries Management 7: 315-
330.

Scrivener, J. C., and B. C. Andersen. 1984. Logging impacts and some mechanisms that determine the
size of spring and summer populations of coho salmon fry (Oncorhynchus kisutch ) in Carnation Creek,
British Columbia. Canadian Journal of Fisheries and Aquatic Sciences 41: 1097-1105.

Scruton, D. 1996. Evaluation of the construction of artificial fluvial salmonid habitat in a habitat
compensation project, Newfoundland, Canada. Regulated Rivers Research & Management 12: 171-183.

Scruton, D. A., and L. J. Ledrew. 1997. A retrospective assessment of the flow regulation of the West
Salmon River, Newfoundland, Canada. Fisheries Management and Ecology 4: 467-480.

Shepard, B. B. 1989. Evaluation of the U.S. Forest Service 'COWFISH' model for assessing livestock
impacts on fisheries in the Beaverhead National Forest, Montana.

Shepherd, B. G., J. E. Hillaby, and R. J. Hutton. 1986. Studies on Pacific salmon (Oncorhynchus spp.) in
Phase 1 of the Salmonid Enhancement Program. Volume 1: Summary. Report ISSN 0706-6457.
database.

Sheppard, J. D., and J. H. Johnson. 1985. Probability-of-use for depth, velocity, and substrate by
subyearling coho salmon and steelhead in Lake Ontario tributary streams. North American Journal of
Fisheries Management 5: 277-282.

Shuler, S. W., and R. B. Nehring. 1993. Using the physical habitat simulation model to evaluate a stream
habitat enhancement project. Rivers 4: 175-193.

Simpkins, D. G., W. A. Hubert, and T. A. Wesche. 2000. Effects of fall-to-winter changes in habitat and
frazil ice on the movements and habitat use of juvenile rainbow trout in a Wyoming tailwater.
Transactions of the American Fisheries Society 129: 101-118.

Solazzi, M. F., T. E. Nickelson, S. L. Johnson, and J. D. Rodgers. 2000. Effects of increasing winter
rearing habitat on abundance of salmonids in two coastal Oregon streams. Canadian Journal of Fisheries
and Aquatic Sciences 57: 906-914.

Stoneman, C. L., M. L. Jones, and L. Stanfield. 1996. Habitat suitability assessment models for southern
Ontario trout streams. Model development and evaluation. Report.

28



Strange, R. J., and J. W. Habera. 1998. No net loss of brook trout distribution in areas of sympatry with
rainbow trout in Tennessee streams. Transactions of the American Fisheries Society 127: 434-440.

Taugboel, T., and R. Andersen. 1986. Effect of habitat change on the density of brown trout Salmo trutta
in a small stream. Fauna (Blindern) 39: 98-102.

Tschaplinski, P. J. 2000. The effects of forest harvesting, fishing, climate variation, and ocean conditions
on salmonid populations of Carnation Creek, Vancouver Island, British Columbia. Pages 297-328. In E.
E. Knudson, C. R. Steward, D. D. MacDonald, J. E. Williams and D. W. Reiser, editors. Sustainable
Fisheries Management: Pacific Salmon. CRC Press LLC, 2000 Corporate Blvd., NW Boca Raton FL.
33431 USA.

Tschaplinski, P. J., and G. F. Hartman. 1983. Winter distribution of juvenile coho salmon (Oncorhynchus
kisutch ) before and after logging in Carnation Creek, British Columbia, and some implications for
overwinter survival. Canadian Journal of Fisheries and Aquatic Sciences 40: 452-461.

Waters, T. F. 1983. Replacement of brook trout by brown trout over 15 years in a Minnesota stream:
production and abundance. Transactions of the American Fisheries Society 112: 137-146.

Watson, G., and T. W. Hillman. 1997. Factors affecting the distribution and abundance of bull trout: an
investigation at hierarchical scales. North American Journal of Fisheries Management 17: 237-252.

Weiss, S., and S. Schmutz. 1999. Performance of hatchery-reared brown trout and their effects on wild
fish in two small Austrian streams. Transactions of the American Fisheries Society 128: 302-316.

Williams, J. G. 1999. Stock dynamics and adaptive management of habitat: an evaluation based on
simulations. North American Journal of Fisheries Management 19: 329-341.

Young, K. A., S. G. Hinch, and T. G. Northcote. 1999. Status of resident coastal cutthroat trout and their

habitat twenty-five years after riparian logging. North American Journal of Fisheries Management 19:
901-911.

29



Table 1. Frequencies of references from 435-references from the first cut set (see glossary of codes (underlined) in Appendix 2):

Subset of ‘quantitative’ references (total 216) with habitat or reach -based quantitative fish sampling (excluding refs with stream
enclosure, laboratory, or nofish studies and reviews).

Number of references
with multi NOT multi
(>1stream) (1 streamonly)

All in subset 115 101
AND experi 26 49
AND graz 10 9
AND graz AND experi 3 7
AND ripar 28 19
AND ripar AND experi 9 11
AND temporal 11 26
AND temporal AND experi 2 9

Reference frequencies with habitat evaluation or numerical habitat models
(hem and instream flow incremental methodol ogy-related (ifim) subset):

with hem NOT warning 20 withifim NOT warning 12
with hem AND warning 24 withifim AND warning 19

Reference frequencies from al 435 references, that include:

reviews 25 (10 with quantitative analysis)
|lab or enclosure 28
temporal 62
modeling 41
risk 4
economic 4
streamfishing variable 3
warning 50
nofish 11

foreign language 11




Table 2. Papersreviewed in detail (30 articles): with location, response variables (normally density or biomass per surface areq), fish

sampling method, and classification. (See Table 3 for outputs)

Author(Y ear) Location® | Fish species? Gear® Score* | Classification codes (see Appendix 2) all with quant
Barnard et al (1995) UK TRT-OTRT-j TRT-aATSOATSj | PE+B 4.0 multi reach instream lulc temporal hem
Bjornn et al (1991) SEAK CHO-0CHO-1DVD SAL PE 3.0 experi multi habitat migrat ripar
Bowlby & Roff (1986) SONT TRT (BKT, RBT, BRT) PE +B 3.0 multi reach instream wtemp trophic
Bremset & Berg (1997) Norway ATSj BRT-j POO: SS + diver withnet mk- | 4.5 multi habitat migrat instream
rec. RIF: PE(3)
Bryant et al (1998) SEAK "CHO-j CHO-0 (DVD, STT,CUT | SN 2.0 multi habitat offchann lulc watqual
ignored)"
Clarke & Scruton (1999) NFD BKT (only salmonid) PE 4.0 multi reach instream trophic
Connolly & Hall (1999) W OR CUT PE +B 4.0 multi habitat ripar lwd lulc
Dolloff (1986) SEAK CHO-j DVD T mk-rec 5.0 experi multi reach lwd
Dunham & Vinyard (1997) | NV CUT TRT PE +B 4.0 multi reach popdyn noenv temporal
Eaglin & Hubert (1993) wy TRT (BKT BRT) >10cm PE(3) 4.0 multi reach lulc substrate
Ebersole et a (2001) EOR RBT SN 2.0 multi reach wtemp
Giannico (2000) W BC CHO-j "PE, SS+B" 3.0 experi habitat Iwd trophic
Grant et al (1986) NSNB SAL ATSTRT(BKT BRT) PE(5) +B 3.5 experi multi reach substrate ripar
Herger et al (1996) wy CUT PE(2) +B 4.0 multi habitat instream hydro
Horan et a (2000) NEUT CUT PE(3) 3.0 multi reach segment instream Iwd substrate
Hubert et al (1996) wy TRT (RBT BRT BKT) PE +B (rem/mk-rec) 4.5 multi reach instream
Jenkins et al (1999) CA BRT TRT PE(3-5) +B 4.0 experi reach habitat popdyn temporal noenv
Jowett (1992) NZ BRT, RBT: 10-20,20-40,>40cm | SN 2.0 multi reach instream wtemp watqual lulc trophic
hydro ifim hem
Keith et a (1998) SEAK CHO-0 CHO-j DVD-0 DVD-j PE(2,3) 4.0 experi multi reach migrat ripar lwd
Knapp et al (1998) CA RBT-0, -1, -2 (only salmonid) PE(3) rem and SN(surf) 3.0 experi reach graz spawn popdyn




Knudsen & Dilley (1987) WA SAL CHO-j TRT-0 STT-j CUT-j BS+SS/PE 4.5 experi multi reach substrate instream

Milner et al (1995) W UK BRT-0 BRT>0 ATS-0 ATSj PE +B 4.0 multi reach instream lulc temporal hem

Nickelson et al (1992a) W OR CHO-j PE & SS mk-rec or corrected 5.0 experi multi habitat instream offchann
removal +B

Nickelson et a (1992b) W OR CHO-j PE & SS mk-rec or corrected 5.0 experi multi habitat instream offchann
removal +B

Platts & Nelson (1989) IDNVUT | SAL PE(4) 4.0 experi multi reach graz ripar

Rieman & Mclntyre ID BUT PE(1) or SN(2) + assumed 2.0 multi reach segment basin instream

(1995) detectability

Riley & Fausch (1995) N CO BKT-1, -2+ BRT-1, -2 PE(2-4) +B rem 4.0 experi multi reach migrat popdyn instream

Solazzi et al (2000) W OR CHO-1,j STT-1,j CUT-1,j TRT-0 | "PE mk-rec, corrected removal | 5.0 experi multi habitat Iwd offchann
or SN, +B, T"

Watson & Hillman (1997) | WA IDMT | BUT (51-grps) "SN, if present PE & night 3.0 multi habitat reach segment ripar instream substrate
SN

Paulsen & Fisher (2001) IDWA OR | CHI+j NA (Pit tag-based survival) NA multi basin popdyn lulc hydro

1 non-US locations: BC British Columbia, NB New Brunswick, NS Nova Scotia, NFD Newfoundland, UK United Kingdom,
2 Taxain Response variables:

CODE COMMON
CuUT Cutthroat trout
CHO Coho salmon

RBT Rainbow/golden/redband trout

STT Steelhead trout
KOK Kokanee

SOC Sockeye salmon
CHI Chinook salmon
CHU Chum salmon
SAL All salmonids

MOW  Mountain whitefish

ATS Atlantic salmon
BRT Brown trout

DVD Dolly varden trout
BUT Bull trout

BKT Brook trout

TRT All trout

SCIENTIFIC
Oncorhynchus clarki
Oncorhynchus kisutch
Oncorhynchus mykiss
Oncorhynchus mykiss gairdneri
Oncorhynchus nerka kennerlyi
Oncorhynchus nerka nerka
Oncorhynchus tschawytscha
Oncorhynchus keta

Prosopium williamsoni
Salmo salar

Salmo trutta
Salvelinus malma
Salvelinus confluentus
Salvelinus fontinalis

suffixes: -0 YOY, -1 age 1, -1+ age 1 and up, -j juveniles, -a adults,
() speciesincluded in preceding group code, e.g. TRT.

often preceeded by bearings N, S, E, W, etc.

3 Gear: PE(2) BackPack Electrofisher(2 passes), SS net Seine, SN(2) Snorkeling
(2 divers), T Trap, BS Boat electrofisher, +B blocknets set, mk-rec mark-recapture
estimate, rem = removal estimate (qualifications often implied in Score - below)

4 Score = relative accuracy of fish abundance estimation (averaged when >1 method used):

~No ok~ wNPRE

unqualified presence/absence in catch

snorkeling count

1+ electrofishing or net seine passes

multiple removal estimate

mark-recap or applied calibration based on mark-recap
rotenone or antimycin with mark-recap

draining or partial draining and rotenone




Table 3. Papersreviewed in detail to date (30): Explanatory variable groups, sampling summary.

340-500

| Author(Y ear) reach wetted #explan. explan.vars corr?3 inter- seasons | #yrs | #stre | #sites | N R2% CV? | analy-
length width varst groups? ac- ams 5 sis
(m) (m) tions?4 scoreb
Barnard et al (1995) | 25-50 130>6-19 | INSRIPBAS N N Su 2 602 602 29-46 | N 3
Bjornn et al (1991) 2-12 4>0 INSns RIPns NA N Su 1 6 30 60 N 4
Bowlby & Roff 1.7-18 >5 INSBIO Y N Su Fa 1 20 30 30 62 N 7
(1986)
Bremset & Berg 1>1 INS NA N Su 2 3 24 24 NA NA | 5
(1997)
Bryant et al (1998) ? 4>0 INS N N Su 1 6 ? ? N N 3
Clarke & Scruton 31st0,1 | 3?>1 BIO NA NA Su 3 4 4 11 N N 2
(1999) 2ndO
Connolly & Hall 1st0 & 12>1-3 INSBAS-ns Y N Su 3 16 16 16 36-71 | N 5
(1999) 2ndO
Dolloff (1986) 85-170 1.6-2 1>1 INS(LWD) NA NA Su 3 2 4 12/48 | N NA |3
Dunham & Vinyard 1-4 1>1 BIO (fish dens) NA Y Su 14 NA NA | 8
(1997)
Eaglin & Hubert 200 0.7-6.3 6>2 INSBAS N N Su Fa 2 28 28 34 N 4
(1993) (BF)
Ebersole et a (2001) | 100-500 | ? 9>1 INS N N Su 1 4 12 12 50 N 4
Giannico (2000) 4 2 2>2 BIO NA Y Su 1 1 ? NA NA | 5
Grant et al (1986) »60-70 2ndO 3rdO | 1>1 INSRIP NA N Su 1 13 13 26 NA N 5
Herger et a (1996) 1.7-16 1.1-3-8 INS Su NA NA | 4
Horan et a (2000) 100 1.8-5 11> 1-4/1 INS Y Y/N Su 3 6 88/4 88/4 | 12- N 4
46/?
Hubert et al (1996) 30-330 0.9-80 20>4 INSBAS Y Y Su >10 | 95 158 166 38 Y 7
Jenkins et a (1999) | 4.4-31/ ? 1>1 BIO (fish dens) NA N Su-Fa 3 1 294/4 | 294/4 | 87/97 | NA | 6




Jowett (1992) 1000+ ? 101> 1-8 INSBASBIO Y* N Su 3 82 89 89 44-88 | Y
(22 sep)

Keith et al (1998) 20-76 2ndO 3rdO | 3>1 INSRIPns NA Y/N Su 1 3 72 120 N N

Knapp et al (1998) 45-130 2-3.6 1>1 INS N N Su 4 1 3 9 50-83 | N

Knudsen & Dilley 1>1 INS NA N SuFa 1 4 5 10 NA NA

(1987)

Milner et a (1995) 50 130? BASTMP N Y Su 4-10 | 13 26 ? 26-72 | N

Nickelson et a ? ? 1>1 INS (pool types | NA Su Wi 4 21 199 380 N N

(1992a) & brush)

Nickelson et al ? ? 1>1 INS (pool types | NA N Sp Su 5 52 199 958 N N

(1992b) & depth) Wi

Platts & Nelson 122-183 | 3-11 4>1 INS (temp) RIP Y N Su 2-11 | 17 53 53 7-96 N

(1989) (canopy ns)

Rieman & Mclntyre | 100 1-14 3>2 INSBAS Y Y Su 1 67 85 85 NA NA

(1995)

Riley & Fausch 250 2.9-5.8 6>1 INS Y N Su 4 4 8 14 N Y

(1995)

Solazzi et al (2000) | ? 3.2-4 1>1 INS (const. NA N Su Sp 8 4 120 120+ | N N

pools)

Watson & Hillman 100 0.3-46 23>5-8 INSRIP Y Y Su 31 358 358/ | 53-90 | N

(1997) 31

Paulsen & Fisher NA NA NA BASBIO (fish Y N Su-Wi 7 20 20 54-64 | N

(2001) size)

1x >y, where x = number of explanatory variables considered, y = number of explanatory variables retained in model

2 broad classification of explanatory variables: INS = any physical instream habitat variable, including bank overhang, macrophyte cover and water quality, temperature;

(ns - not significant)

RIP = any riparian vegetation variable, including canopy cover, grazing in buffer zone.
BIO = any biological variable, including fish properties, invertebrates, except macrophyte cover.

BAS = any landscape, land-use/cover (lulc), geomorphic or geologic reiobal variable
TMP = temporal variable as year-ro-year effect

3 Were explanatory variables investigated separately for correlations beforehand ?
4 Were interactions investigated?
5 Was some measure of precision of the predicted fish response, such as standard error of regression or coefficient of variation, calculated?
6 Author’s score (0 irredeemable, 10 perfect, 5 average) of design and analysis.
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Moscrip et al.(1997)
Ekloev et al.(1998)
Tschaplinski(2000)
Holtby et al.(1989)
Holtby(1988)
Hartman et al.(1987)
Young et al.(1999)
Lindsay et al.(1986)

Crisp(1993) 20 multi reach quant popdyn migrat temporal 5 N Pennine strms, UK. dispersion/survival
Elliott et al.(1998) 19 quant popdyn spawn noenv Wilfin Beck, UK. Age structured, stock/rec..
Binns(1994) 18 experi reach habitat quant hydro temporal Beaver Cr. WY inst. structures

Niemeld et al.(1999) 17 multi reach quant temporal noenv Teno basin, N Finland. density cluster analysis
Fjellheim et al.(1996) 16 experi quant trophic temporal R Ekso, Norway. weir effects
Waters(1983) 16 reach quant popdyn sppinter substrate hydro temporal MN, production; communuty change
Baxter et al.(1999) 14 reach spawn instream wtemp substrate lulc Swan R. MT bull trout redd counts
House(1996) 13 experi reach instream substrate temporal E. Fork Lobster Cr. OR inst. structures
House(1995) 11 reach quant ripar instream temporal warning Dead Horse Canyon Cr. OR const. env
Kondolf(1994) 11 substrate graz qual economic N Fork Cottonwood Cr.

Hunt(1976) 10 experi reach quant instream temporal Lawrence Cr. WI inst. structures

Scruton et al.(1997)

40
31
26
18
17
14
25
22

10

multi experi reach spawn lulc hydro temporal
multi habitat quant watqual noenv

experi reach basin quant ripar lulc temporal
modeling reach quant hydro ripar lulc temporal

quant popdyn basin wtemp lulc offchann temporal Carnation Cr., B.C.

quant reach offchann migrat substrate
experi reach quant ripar wtemp lwd temporal
late entry; codes to be entered

Urbanization WA, early/late comparison
S Sweden strms, early/late comparison
Carnation Cr., B.C.
Carnation Cr., B.C.

Carnation Cr., B.C.
East Cr. B.C. logging; disjunctive
John Day River basin

reach quant spawn lakehydro instream substrate ifim temporal W. Salmon R. NFD. flow regul.

Fig. 1. Periods of investigation spanned by 128 studies from the ‘first cut’ database in which time period that fish
were sampled could be ascertained from the abstract (studies>9 yrslong shown in table).

Plot jittered for studies 1-9 yrs; dotted curve shows trend of study period versus mid- point year.

Some studies were digjunctive.



=
o

Mean number of years spanned by studies (+ standard error)

4 - |
[
2 1 |
o
ol | \ | | |
1975 1980 1985 1990 1995 2000
Year Group

Fig. 2. Mean number of years spanned by studies (+ standard error) as afunction of biennia year group in which median of
study period occurred (based on 128 studies from quantitative subset in Table 1). Regression line through means sig. at P=0.002.
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Fig. 3. Numbers of studies as a function of biennial year group of publication (based on 216 studies from * quantitative’
subset in Table 1), and percentages of studies with landscape-scal e variables and those with inferences to basin scale.
open circles = no. of quantitative studies (regression line shown, P=0.039)

diamonds = percent of studiesincorporating lulc or other landscape scale variables (P=0.048)

solid circles = percent of studies with basinwide inferences (P=0.021)

(studies assigned the ripar classification, bot shown, indicated a small negative trend with time.)





